Abstract Spouted bed contactor is a hybrid of fixed and fluidized bed contactors, which retains the advantages of each with good hydrodynamic conditions. The aim of the present study is to investigate the performance of a batch conical air spouted vessel for heavy metal removal by strong cation exchange resins (AMBERJET 1200 Na). The effect of various parameters such as type of heavy metal ions (Ni  +2 and Pb   +2 ), contact time, superficial air velocity and initial heavy metal ion concentration on % heavy metal ion removal has been investigated. It has been found that under optimum conditions 98% and 99% removal of Ni +2 and Pb +2 were achieved respectively. Several kinetic models were used to test the experimental data and to examine the controlling mechanism of the sorption process. The present results of Ni +2 and Pb +2 well fit pseudo second order kinetic model with a high correlation coefficient. Both film diffusion and intra-particle diffusion contribute to the ion exchange process. The present study revealed that spouted bed vessel may provide an effective alternative for conducting ion exchange reactions. 
Introduction
The presence of low concentration of heavy metals within industrial effluents can lead to numerous environmental issues. Heavy metals are known to be highly toxic which can affect the aquatic life; besides they are non-biodegradable and accumulate within plants and fish organism causing harmful effects on long term for both humans and aquatic life. Electroplating industry, metal finishing processes, batteries manufacture, printing and photographic industries and extractive hydrometallurgical processes discharge effluents containing a great deal of heavy metals [1] . Technically efficient and economically feasible treatment of such industrial wastewater is needed as it is crucial to avoid water pollution due to increasing social and economic importance of environmental conservation.
Conventional treatment methods for heavy metal removal from wastewaters include chemical precipitation, chemical reduction, flocculation, filtration, evaporation, solvent extraction, biosorption, activated carbon adsorption, ion-exchange, electrodialysis, and membrane separation processes [2] . Among the heavy metals removal processes, ion exchange process seems to be very effective to remove various heavy metals and the ion exchange resin can be easily recovered and reused by regeneration operation [3] . Ion exchange is the process through which ions in solution are transferred to a solid matrix which, in turn release ions of a different type but of the same charge [4] . Ion exchange is a physical separation process in which the ions exchanged are not chemically altered [5] . The main advantages of ion exchange are recovery of metal value, selectivity, less sludge volume produced and the meeting of strict discharge specifications. Different types of exchange materials, which are distinguished into natural or synthetic resins, are commercially available.
Furthermore, the ion exchange resin can be categorized on the basis of functional groups such as cationic exchange resins, anion exchange resins, and chelating exchange resin. Many investigators have studied the heavy metal ions removal by using different types of ion exchange resins. Lee et al. [6] studied equilibrium and kinetic of Cu 2+ /H + , Zn 2+ /H + , and Cd 2+ /H + removal using Amberlite IR-120. El-Kamash [7] used several kinetic models to test the experimental data and to examine the controlling mechanism of the ion exchange of zinc and cadmium ions using synthetic zeolite. Elshazly and Konsowa [8] have studied the removal of nickel ions from wastewater polluted with nickel chloride using a cationexchange resin in a stirred tank reactor. EL-Hasan et al. [9] studied the removal of heavy metals (Cu 2+ , Zn 2+ and Ni 2+ ) from aqueous model solution using Tripoli (Microcrypto crystalline silica = MCCS) as adsorbent. Alyu¨z and Veli [10] studied the kinetics and equilibrium studies for the removal of nickel and zinc from aqueous solution using Dowex HCR S/ S exchange resin. They found that removal of Ni 2+ and Zn 2+ was well fitted by second-order reaction kinetic. Lin and Juang [11] had investigated two chelating ion exchange resins Chelex 100 and Amberlite IRC 748 both have iminodiacetic acid function group, to exchange Cu(II) and Zn(II) from aqueous solutions.
Industrially ion exchange processes are conducted in either fixed bed or fluidized bed columns. The performance of fixed and fluidized bed is a strong function of equilibrium, kinetic and hydrodynamic factors, of which the hydrodynamic factor is the most important [12] . In spite of the good hydrodynamic flow characteristics of spouted bed column, no attempt has been made before to investigate its performance in conducting ion exchange reactions [13] . Spouted beds are gas-particle contactors in which the gas is introduced through a single nozzle at the center of a conical or flat base [14] . Unlike the fluidized bed the high-velocity spout of gas penetrates the bed and carries the particles upward. The other sections of the particles move downward at slow speed so that a fairly uniform circulation of particles is obtained [15] . Fig. 1 illustrates typical particle motion in gas spouted bed. This particle circulation could achieve more intense mass-transfer conditions, in addition since the spouted bed is never uniformly fluidized the required gas flow for spouting is considerably less than in a fluidized bed operating with particles of the same size and density. Conical spouted beds have the properties of conventional spouted beds (cylindrical base), however conical spouted beds allow for strong gas-solid contact since they operate stably in a wide range of gas flow rates [16] . The main objective of the present work is to investigate the kinetics of heavy metal removal by strong cation exchange resin in a batch conical air spouted bed. Different parameters have been investigated such as: type of heavy metal ion (Ni +2 and Pb +2 ), contact time, initial concentration of heavy metal, and air superficial velocity.
Materials and methods

Materials
Fresh strong cation exchange resins, macro-porous AMBER-JET 1200 Na a product of ROHM&HAAS were used. Table 1 shows the specifications of the present ion exchange resin. Nickel sulfate, lead nitrate and hydrochloric acid were all analytical reagent grade chemicals. Fig. 2 shows a schematic diagram of the experimental setup. It consists mainly of an air compressor, a calibrated rotameter and a conical spouted bed vessel. The spouted bed vessel
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made of a plexi-glass cylindrical column of 16 cm in diameter and 26 cm height. The cylindrical column was supported by a truncated cone of 10 cm height and an inclined angle of 37°4 6 00 . The truncated cone was provided with an inlet section of 2.5 cm diameter. Ion exchange resins were supported in the vessel by a sintered glass (G2) gas distributor placed at the end of inlet section. Air at different flow rates was introduced from the inlet section through the sintered glass to the spouted bed vessel thought a nozzle of 1 cm diameter. The flow rate of inlet air was regulated by a ball valve and measured by the rotameter. A non-return valve was fixed in the inlet nozzle to prevent back flow. A ball valve was fixed in a side pipe for drainage.
Method
A stock solution of 1500 ppm of Ni +2 and Pb +2 was prepared by dissolving corresponding equivalent amount of nickel sulfate and lead nitrate respectively in distilled water. Solutions of nickel and lead ions of different concentrations were prepared by dilution. Fresh resins were prepared before runs by immersion in 6% HCl, stirring for 15 min and washing with distilled water many times until pH 5.5 was reached, and finally resins were dried by air. Two liters of freshly prepared solution of heavy metal ions (Ni 2+ or Pb 2+ ) of known initial concentration were placed in contact with 40 gm of dried resin in the spouted bed. Air flow rate was adjusted by a ball valve. Kinetics of the ion exchange reaction was followed by withdrawing 5 ml sample from the vessel every 3 min. The samples were analyzed for the remaining heavy metal ion using atomic absorption spectrophotometer (AA 6650 -Shimadzu). All experiments were carried out at 25 ± 2°C.
Results and discussion
Effect of contact time
Figs. 3 and 4 depict the effect of contact time on the % removal efficiency of Ni +2 and Pb +2 at different air spouting velocities respectively. It is apparent that as contact time increases, the % removal efficiency increases significantly until a plateau is reached at which the % removal efficiency hardly changes with time. The initial sudden increase in % removal particularly at high air velocities can be explained in terms of the high driving force at the beginning. However with the increase of time the driving force decreases as the metal ions being exchanged. In addition the available sites in the resin begin to decrease with time.
Effect of air spouting velocity
Figs. 3 and 4 show the effect of superficial air spouting velocity on the % removal efficiency of Ni +2 and Pb +2 . The % removal efficiency of both metal ions increases as air spouting velocity increases up to 25.48 cm/s. However beyond this value, air spouting velocity has negligible effect on % metal ion removal efficiency since resin has been saturated with metal ions. To explain the increase of % removal efficiency with the increase of superficial air velocity, it should be mentioned that with the increase of air velocity, the flow pattern within the vessel changed from stable spouting to jet spouting. The increase in % removal efficiency during stable spouting regime can be explained in terms of that as air velocity increases both; particle -circulation rate and particle cross rate at the bottom increase [17] . Where particle circulation rate expresses the total mass flow of particles at a given longitudinal position in the spout, and particle cross flow expresses the solid flow from the annular zone into the spout zone through the interface. Thus a vigorous mixing can be achieved by increasing air velocity, which results in good mass transfer rate. The increase in % removal efficiency during jet spouting regime can be explained by the fact that the upraising air stream induces radial as well as axial momentum which cause decrease in the thickness of diffusion boundary layer surrounding each particle [18] . In addition as the gas velocity increases the collusion between adjacent resin particle increases and hence increase the reaction rate as collision leads to generate turbulence in boundary layer. decreases considerably at high initial Ni +2 concentrations. The slight dependence of % removal on initial Pb +2 concentrations may be ascribed to the high affinity of the present resin to Pb +2 ions. The decrease of % removal efficiency of Ni +2 at high concentration may be attributed to that less number of favorable sites for ion exchange are available with the increase of metal ion concentration at a fixed resin dosage. The present trend has been found consistent with the reported results in AlAnber et al. [19] .
Effect of initial metal ion concentration
Kinetic studies
Kinetic studies are essential in the design and scale up of full scale ion exchange conductors, since they describe the rate of metal ion uptake by the resin which is related to the residence time. In addition kinetic study could give an idea about the real mechanism of the process and the rate determine step. Different kinetic models have been investigated for their suitability to describe the rate of ion exchange process, the most common ones are (i) Pseudo first-order kinetic model, (ii) Pseudo second-order kinetic model, (iii) Elovich model and (iv) Intra-particle diffusion model.
Pseudo first-order kinetic model
Simple linear equation for pseudo-first-order reaction kinetic is given according to the following equation [20] :
where k 1 is the pseudo first-order rate constant, q t is the amount of heavy metal removed at time 't' and q e is the amount of heavy metal removed at saturation. Plot of ln (q e À q t ) versus t allows calculation of the rate constant k 1 and q e for Ni +2 and Pb +2 . Figs. 6 and 7 show a plot of ln (q e À q t ) versus time at different initial metal ion concentrations for Ni +2 and Pb +2 respectively. The present data of Ni +2 and Pb +2 fit the pseudo first order kinetic model to an acceptable degree and with a correlation coefficient not less than 97%. Table 2 shows the kinetic parameters of the pseudo first order kinetic model.
Pseudo second-order kinetic model
Pseudo-second-order reaction kinetic model can be represented according to HO [21] by the following equation: where k 2 is the pseudo-second-order rate constant, q e the amount of heavy metal removed at equilibrium and q t is the amount of metal removed at time 't'. Separating the variables in Eq. (2) gives:
Integrating this for the boundary conditions t = 0 to t = t and q t = 0 to q t = q t , gives:
Eq. (4) can be rearranged to obtain the following:
This can be linearized as follows:
Figs. 8 and 9 show a plot of t/q t versus t at different initial ion concentrations of Ni +2 and Pb +2 respectively from which q e and k 2 can be determined. The present data fit well pseudo second order kinetic model with high correlation coefficients more than 0.996. Alyu¨z et al. [10] have found that the removal of Ni and Zn ions were well fitted by second order model. Bai [22] has found also that the ion exchange of cadmium ions on Amberjet 1200H follows pseudo-second-order kinetics. Table 2 shows the pseudo second order kinetic constants for Ni +2 and Pb +2 ions at different initial concentrations. It may concluded that the pseudo second order kinetic model well describe the present data, which indicates that the chemisorption nature of the ion exchange process [23] .
Elovich model
One of the most useful models for describing chemical adsorption is the Elovich equation [24] , which is given by the following: where a and b are constants. The constant a is regarded as the initial rate. Given that q t = q t at t = t and q t = 0 at t = 0, the integrated form of Eq. (7) is as follows:
where t 0 = 1/ab. If t ) t 0 , Eq. (8) can be simplified as
The assumption of t ) t 0 and validity of Eq. (9) are checked by the linear plot of q t vs. ln t. Figs. 10 and 11 show the plot of q t versus ln (t) at various ion metal concentrations for Ni +2 and Pb +2 respectively. It is well obvious that the present kinetic data are well described by Elovich model with a relatively high correlation coefficient of not less than 88.7%. However Ni +2 kinetic data show a higher degree of data fitting than Pb +2 kinetic results with a correlation coefficient not less than 91%. The present result indicates that the nature of the ion exchange reaction is chemisorption mechanism. Table 3 shows the calculated parameters of Elovich model at different concentrations for Ni +2 and Pb +2 .
Intra-particle diffusion model
Since the ion exchange process consists of many steps, it is necessary to determine the rate determining step. The most common technique used for identifying the rate determining step is fitting the kinetic data by the intra-particle diffusion model. According to Weber and Torris [25] an intra-article diffusion model is given by the following equation:
where k p is the intra-particle diffusion coefficient, and q t is the amount of metal removed at time 't' and C is the intercept.
Figs. 12 and 13 show a plot of q t versus t 0.5 for both Ni +2 and Pb +2 ions at different initial concentrations respectively. The initial curved portion relates to the film diffusion and the later linear portion represents the intra-particle diffusion, whereas the final stage represents the saturation. It is obvious that both film diffusion and intra-particle diffusion contribute to the ion exchange processes. The slope of the second portion of the curve represents the intra-particle diffusion coefficient k p . +2 , the contribution of intra-particle diffusion in the overall rate is to a greater extent than in case of Ni +2 .
Conclusions
The performance of a batch conical air spouted bed for the removal of heavy metal ions by ion exchange has been investigated. The kinetic of ion exchange has been studied under different conditions such as heavy metal type, initial concentration of heavy metal and air superficial velocities. Different kinetic models have been investigated for the description of the present data. The following conclusions have been withdrawn:
The % removal of Pb +2 and Ni +2 increases as air spouting velocity increases up to a certain value. However beyond this value, air spouting velocity has negligible effect on % metal ion removal efficiency. Initial metal ion concentration has low effect on % removal efficiency of Pb +2 , whereas a decline occurs in % removal efficiency of Ni +2 at high concentration.
Results indicated that the resin affinity toward Pb +2 is higher than toward Ni +2 . Among the different models investigated, the second order model is the best to describe the present data. Intra-particle diffusion models revealed that both film diffusion and intra-particle diffusion contribute to the ion exchange processes. 
